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[57] - ABSTRACT

Black-metallized substrate surfaces which are charac-
terized by the fact that they reflect at most 20% of
electromagnetic radiation within the wavelength range
from 200 to 5,000 nm and at least 50% within the wave-
length range from 7,000 to 24,000 nm, the percentages
being relative to the mean value over the entire wave-
length range in each case, and which can be used as
sunlight collectors are obtained by metallizing activated
substrate surfaces without current in metallizing baths
which contain a polymeric surface-active compound.

11 Claims, No Drawings
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1
BLACK-METALLIZED SUBSTRATE SURFACES

This is a division of application Ser. No. 539,034, filed
Oct. 5, 1983, now U.S. Pat. No. 4,535,032.

The invention relates to preferably sheet-like black-
metallised substrates and to their preparation and use as
collectors for sunlight.

In addition to substrates which have been coated with

metal oxides, it is also possible to use aluminium or steel
foils or plastic films which have been pigmented with
carbon black or other black dyestuffs as collectors for
sunlight. Plastic films pigmented with carbon black or
other black dyestuffs have the disadvantage that they
absorb incident light rays over the entire wavelength
range and thus have a low efficiency of conversion of
light energy into heat. Aluminium and steel foils, on the
other hand, reflect too much of the incident light, and
because of that they are likewise of low efficiency.

So-called ‘“black” metal or metal oxide layers are
much more efficient in converting light into heat.
“Black” means that these layers essentially have no
metallic gloss. This property is the result of a certain
way of absorbing electromagnetic radiation. Thus, A.
Aveline and L. R. Bonilla report in Solar Energy Mate-
rials 5 (1981), 211 to 220, on copper oxide (Cu20) sur-
faces which are produced in a complicated manner by
partially oxidising copper surfaces. G. B. Smith and A.
Ignatiev, Solar Energy Materials 4 (1981), 119 to 133,
describe black chromium-molybdenum surfaces which
are suitable for use as solar absorbers. These chromium-
molybdenum surfaces are made by electroplating
chromium-molybdenum onto a substrate which has to
be electrically conductive. The coatings thus obtained
have the disadvantage that their thickness depends on
the geometry of the support. For this reason the com-
plete coating of relatively large areas requires the depo-
sition of coats with a thickness of several micrometers.

The object of the invention is then to make available
substrates, preferably sheet-like structures, which have
been provided with a “black” metal layer in a simple
and inexpensive manner.

This object is achieved by subjecting the substrates
which are to be metallised and which have been con-
ventionally activated with metals of auxiliary group 1
or 8 to a currentless, wet-chemical metallisation in met-
allising baths which are known per se and which addi-

tionally contain a polymeric organic surface-active

compound having a molecular weight of at least 400.

The resulting metallised substrates have a 0.01 to 2
um thick metal coat and are characterised in that they
reflect at most 20% of electromagnetic radiation within
the wavelength range from 200 to 5,000 nm and at least
50% within the wavelength range from 7,000 to 24,000
nm, the percentages relating to the mean value over the
entire respective wavelength range.

Polymeric organic compounds are to be understood
as meaning anionic, cationic or neutral dispersions,
emulsions and lattices or mixtures thereof which are

homogeneously distributed in the metallising baths

amounts of 0.1-10 g/liter. Additives of this type which
are completely or partially swellable in aqueous media
are particularly highly suitable for carrying out the
process of the invention. To obtain better interaction
between the substrate surface to be metallised black and
the metal ions to be reduced, or the reducing agents, In
the chemical metallising bath, or to increase the adhe-
sion of the black metal layer to the substrate surface, it
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2
1S partlcularly preferable to use polymerlc additives
which are of the above type and which have functional
groups. | |
Examples of these functional groups are carbonyl

groups, such as aldehyde, ketone, carboxyl, carboxyl-

ate, dichlorocarbonyl, carboxamide or -carboximide
groups, and/or SO; groups, such as sulphonyl, sulpho,
sulphonate, chlorosulphonyl or sulphonamide groups,
and/or amino groups and/or alcohol groups and/or

ether groups and/or mercaptan groups. .

To prevent the lattices, dispersions and suspensions
suitable for carrying out the process according to the
invention from coagulating, they and/or the metallising
baths used can be admixed with stabilisers and emulsifi-
ers. Highly suitable for this purpose are anionic emulsi-
fiers, such as, for example, alkali metal salts of palmitic
acid, stearic acid, or oleic acid, sodium salts of sul-
phonic acids which are prepared by sulphochlorinating
paraffins containing 6-20 carbon atoms, nonionic emul-
sifiers which can be prepared, for example, by ethox- -
ylating long-chain alcohols or phenols, cationic emulsi-
fiers, such as, for example, salts of long-chain, in partic-
ular unsaturated, amines having 12 to 20 C atoms or
quaternary ammonium compounds with long-chain
olefines or paraffin esters, protective colloids based on
macromolecular compounds, such as, for example, gela-
tin, pectins, aginates, methylcellulose, polyvinyl alco-
hols, polyvinyl pyrrolidone, polymethyl vinyl acetate,
or finely distributed water-soluble minerals, such as
alumina, kieselguhr, or calcium phosphates.

The amount of the stabilisers or emulsifiers listed
above can be varied, relative to dry polymeric addi-
tives, between 0.01 and 15% by weight, the range from
0.1 to 2.0% by weight being particularly preferred.

Polymeric compounds preferably used are lattices
and/or emulsions based on styrene-butadiene and/or
acrylonitrile graft polymers and copolymers, polyiso-
prene, homopolymers and/or copolymers, polyaeryl-
ates, polyvinyl chloride, polyvinyl acetate, anionic,
neutral and cationic polyurethane dispersions or mix-
tures thereof.

A further particularly preferred embodiment of the -
process according to the invention for black-metallising
substrate surfaces is characterised in that the surfaces of
polymer articles are coated, by dipping, printing or
spraying, with the abovementioned organic polymers,
dispersions, latices or emulsions, which are swellable in_
aqueous solutions, and, after some or all of the solvent
has been removed, are metallised in customary chemical
metallising baths with a black metal layer.

Those of the abovementioned polymers which have

~ additional functional groups are partlcularly highly

suitable for carrying out this version of the process
according to the invention.

In addition to the latices, dispersions and emulsions
already mentioned, it is also possible to use water-swel-
lable macromolecular compounds which are applied in
the form of a homogeneous film to the substrate surface
which is to be metallised black, gelatin, pectines,
polymethylcellulose, polyvinyl alcohols, polymethyl
vinyl acetate or polyvinylpyrrolidone being used partic-
ularly preferably. The thickness of these ‘coatings,
which are accessible to the metal ions to be reduced,
should be 0.01-20 pm.

Suitable substrates for the process according to the
invention are steels, glass, aluminium, copper, silver,
gold, platinum, ceramic material, paper, polyethylene,
polypropylene, polyvinyl halides, epoxy resins, polyes-. -
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ters, polyamides, polyhydantoin, ABS graft polymers
or copolymers, asbestos, and textile sheet-like struc-
tures, threads and fibres. In particular, black-metallised
temperature-resistant substrates made of, for example,
Cu, Al or Fe are highly suitable for manufacturing

concentrating solar collectors. In this type of collector,
in conirast to sheet-like collectors, the incident solar
rays are concentrated on an absorber arranged at the
focal point of the mirror system, and the resulting tem-
peratures can be very high, and it is for this reason that

heat-stable substrates based on, for example, metal are
suitable for manufacturing this type of absorber.

How the substrate surfaces to be chemically metal-
lised have been activated has no great influence on how
the process accordmg to the invention is carried out.
Thus, not only ionic and/or colloidal elements of auxil-
iary groups 1 and 8 of the periodic system, such as
palladium and silver, but also their organometallic de-
| _rwatwes are suitable.

It is also possible to use mixtures of the spemﬁed
activators. If the activators have been dissolved in sol-
vents, the concentration should generally be between
- 0.01 and 10 g per liter. Suitable solvents are not only

4

of 1,700, 8% by we1ght of 150phoronedlamme and 4%
by weight of isophorone diisocyanate. The surface of
the film turns black in as short a time as 0.5 minute. The
black nickel layer reaches a thickness of about 0.2 pm in

the course of metallising for about 15 minutes and has a

rough, stippled surface and an electric resistance of

about 0.82Q. This black Ni layer has almost ideal ab-
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water but also organic polar, protic and aprotic sol-

~ vents, such as methylene chloride, chloroform, acetone,
1,1,1-trichloroethane, alcohols and perchloroethylene.
“The reducing agents customary in electroplating

technology, such as hydrazine hydrate, formaldehyde,
hypophosphite or boranes, are used to reduce the metal

ions in the metallising baths. It is preferable to do the
black-metallising in an aqueous solution.
Black-metallising baths which can be used in the
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- process according to the invention are, in particular,

baths containing nickel salts, cobalt salts, iron salts,
copper salts or gold and silver salts or mixtures thereof.

Ni, Co and Cu baths are preferred.

Although it is known to metallise in a currentless,
wet-chemical fashion substrate surfaces after they have
been activated with metals of auxiliary group 1 and 8 of
the periodic system of the elements (for example as in
. German Offenlegungsschrift 2, 743,768 and German
- Offenlegungsschrift 3,025,307), the activating and met-
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sorption and reflectance properties in respect of inci-
dent light rays and is thus highly suitable for manufac-
turing solar collectors. Since this layer is impermeable

to infrared radiation, it is, furthermore, suitable for

agrlcultural purposes.
*(S. R. Weiner, “Chemische Vernickelung (Chemical Nickelplating)”,

Eugen G. Lenze Verlag (1974))

The ESCA (electron spectroscopy for chemical anal-
ysis) data show that this metal layer, in addition to me-
tallic nickel, also consists of its boron derivatives or

oxides. Its microwave transmission and reflectance be-
haviour at 2.6-3.9 and 9 to 10 GHz (radar bands) can be

- taken from the followmg table

Transparency T and reflectance loss R measurements in db
Frequency ranges 2.6-3.9 GHz 9-10

GHz
Sample T R T R
black nickel 21 0.75 — %
black nickel 45 X 45 c¢cm 20-22 - 0.3-1 20-23 —
 black nickel 45 X 45¢cm  22-23 0.6 17-19 —
*Dimension too small
EXAMPLE 2

A polyester film sized 200200 0.5 mm was acti-
vated in the activating bath described in Example 1.
When the solvent has dried, the film is metallised 1n a
chemical Co-Ni bath which, in addition to the compo-
nents given in Example 1, also contains 8% by weight of -
cobalt and is adjusted to about pH 7.2.

The film is observed to turn black in as short a time as
30 seconds. In the course of 15 minutes it can be metal-
lised with an approximately 0.22 um thick black metal

~ layer. The ESCA data show that this film consists not

allising baths used in this prior art contain neither sur-

face-active compounds having a molecular weight of at

~ least 400 nor swelling agents for the substrate surfaces,

s

so that the metal surfaces obtained are not “black”—"-
black” as defined by the above reflectance characteris-
tics—but metallically glossy and have largely good

reflectance properties over the entire wavelength-

range.
The following examples 111ustrate the new invention
in more detail without 11m1t1ng 1ts scope.

EXAMPLE 1

A nylon ﬁlm (200)(200><0 5 mm) was actwated at
RT (room temperature) in the course of 2 minutes in an
activating bath prepared from 0.7 g of 4-cyclohexene-
1,2-dicarboxylic anhydride/palladium (LI) chloride and

I liter of CH,Cl,. After the solvent has been evaporated -
60

off, the film is metallised at RT in 2.5 liters of a chemical

435

only of metallic nickel but also of cobalt and borides and

- oxides thereof.

This metal layer has a rough, stippled surface and is
not transparent to light rays. Its absorption or reflec-

~ tance properties are virtually identical to those of the

50

film described in Example 1.

EXAMPLE 3

A 100 100 mm sqilafe pieCe of polished. copper foil
is activated as in Example 1 in the course of 60 seconds

 for chemical metallisation, is dried at RT and is nickel-

33

nickelplating bath* which is of the type customary in

electroplating technology and which, made up from
NiSQ4, dimethylaminoborane, citric acid and water, is
brought to about pH 8.2 with aqueous ammonia solu-
tion and is then admixed with 125 ml of an aqueous
anionic 50% by weight strength dispersion. This disper-
sion consists of 38% by weight of polyester based on
adipic acid and hexanediol and has a mean molar mass

65

| _plated as in Example 1 in a chemical nickelplating bath

in the course of 15 minutes.
This gives a black-metallised Cu foil having an ap-

proximately 0.2 um thick coat of metal.

EXAMPLE 4

A 100X 100 mm square piece of nylon ﬁlm 1s actl-
vated as in Example 1 for chemical metallisation, is
dried at RT and is metallised at RT in the course of 15
minutes in 2.5 liters of a chemical cobaltplating bath
which is of the type customary in electroplating tech-
nology and which is made up from CoSQOy4, dimethyl-
aminoborane, citric acid, stabiliser and water and 1s then -
admixed with 65 ml of a 30% by weight strength aque-
ous dispersion. This dispersion comnsists of 5.4% by
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weight of a phthalic acid/ethanediol polyester having a
mean molecular mass of 200, 16.3% by weight of a
difunctional polyester, 4.9% by weight of hexamethyl-
ene diisocyanate, 1.1% by weight of diethanolamine,
1.2% by weight of n-methyldiethanolamine, 0.7% by
weight of phosphoric acid (85% by weight strength)
and 0.5% by weight of formaldehyde.

Within 7 minutes, an approximately 0.13 pm thick
black adherent cobalt layer had been deposited. This

layer is not transparent to light rays.

EXAMPLE 5

A 200X 200 mm square piece of polyester plate is
activated as in Example 1 and, after the solvent has been
evaporated, is metallised in 2.0 liters of a commercially
available chemical mckelplatmg bath to which 100 ml
of the dispersion described in Example 1 has been
added.

The surface of the plate starts to turn dark in as ; short
a time as 30 seconds, and within 6 minutes a black stip-
pled nickel layer had been deposited. Its surface resis-
tance is 1.9Q. Its absorption and reflectance properties
are identical to those of the film described in Example 1.

EXAMPLE 6

A 150X 150 mm square piece of ABS plate was
treated with a conventional colloidal hydrochloric acid
palladium(II) chloride solution, and the palladium crys-
tal nuclei fixed at the polymer surface were sensitised in
a further, tin(II) chloride bath necessary in the art of
electroplating and were then metallised at RT in 2.5
liters of a commercially available nickelplating bath to
which 95 ml of the dispersion described in Example 1

had been added.
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The plate surface begins to turn dark after about 30

seconds, and after 90 seconds the material has been
covered with a finely grained black, opaque nickel layer
and, after about 5 minutes, has an electric resistance
value of 1.9}, and is present on the plate in an amount
of about 3.4 g/m2

EXAMPLE 7

A 150X 50 mm rectangle of a polybutadiene-modified
nylon component is dipped into the dispersion de-
scribed in Example 1, is activated as in Example 1 after
some of the water has been removed at 40° C., and 1s
then metallised in a chemical nickelplating bath speci-
fied in Example 1.

The material has been covered with a finely gramed

45
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black nickel in as short a time as 45 seconds, and after

about 6 minutes the chemical black-nickel coat has
grown to a thickness of about 0.1 pm.

EXAMPLE 8

A 200X 200 mm square of a polyethylene component
is activated in the course of 45 seconds in an activating
bath which is made up from 0.75 g of 9-octadecen-1-ol-
palladium dichloride and 1 liter of 1,1,1- trichloroe-
thane.

The material is metallised in a chemical nickelplating
bath which has been made up as in Example ] and to
which 140 ml of polybutadiene latex is added.

The above latex has a mean particle diameter of 0.26
um and a 31.45% by weight strength solids content of 3
carboxylating agents [parts/100 parts of butadiene].
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The test specimen is observed to turn black in as short
a time as 25 seconds. It was possible to coat it 1n the

6

course of 5 minutes with an approximately 0.08 pm
thick chemical black-nickel layer.

~ EXAMPLE 9

Fllms (40 X 80 mm) are prepared by castmg onto glass
plates 25 ml of polybutadiene latex which is in the form
of an aqueous dispersion, consists of 31.5% by weight of
solid having a 100% pure gel content, a pH value of
about 6.6 and a mean particle diameter of 0.285 pm.

The films are heat-treated at 50° C. for 8 hours in a
drying cabinet and are then activated and nickelplated

in a chemical nickelplating bath, the latter two steps

being carried out as in Example 1.
After 5-8 minutes the polymer surface or polymer

matrix begins to absorb finely divided black nickel.

EXAMPLE 10

A 100X 100 mm square of polyvinyl chloride plate 1s
coated with an 8% by weight strength aqueous gelatin
solution, and, when the solvent has been evaporated,
the plate is activated in the course of 30 seconds in an
activating bath which is made up from 0.8 g of 4-
cyclohexene-1,2-dicarboxylic anhydrlde/ pal]adlum(II)
chloride and 1 liter of ethanol, and is metallised n a
metallising bath described in Example 1.

After 50 seconds the polymer surface begms to ab-
sorb finely divided black nickel.

EXAMPLE 1_1

- 100X% 100 mm cellulose acetate dialysis film is acti-
vated and black-metallised, both steps being carnied out

as in' Example 1. |
An opaque black-metallised film is obtained in the

course of 5 minutes.

EXAMPLE 12

A 0.5 ><200><200 mm glass-fibre- remforced nylon 6 o
plate is treated at 40° C. for 15 minutes in a bath of 600
g of HCl (37% strength of very pure grade), 15 g of -
CaCl,, 500 g of methanol and 7.8 g of butadiene-pal-
ladium dichloride and is washed with distilled water.

The wash changes the plate surface so as to turn it into

a diffuse or activated layer which is swollen to a depth
of about 20 um and is acessible to metal ions. The plate
is then metallised at RT in a customary dime-
thylammoborane-contammg mckelplatmg bath. A
change in colour to black can be observed in as short a
time as 30 seconds. The test specimen has a continuous
black Ni coat after 5 minutes. |

We claim:

1. A process for preparing black metallized substrate
surfaces comprising activating substrate surfaces with
metals of auxiliary groups 1 or 8 of the periodic system
of the elements and metallizing said surfaces in a cur-
rentless fashion in a metallizing bath, said bath contain-
mg a polymeric organic surface-active compound hav-
ing a molecular weight of at least 400 and said com-
pound being completely or partlally swellable in aque-

ous media.

2. A process according to claim 1, wherein the poly-
meric compounds are neutral, anionic or cationic dsper-
sions, emulsions or lattices or mixtures or blends thereof
and are present in amounts of 0. 1-10g liter in a homoge-
neous state of division. |

‘3. A process according to claim 1 wherein said metal
is selected from the group consisting of Cu, Co, Ni, Fe, -
Ag, Au and mixtures thereof.



7 .
4. A process according to claim 1, wherein the metal

~ is cobalt. |
5. A process according to clalm 1, wherein the metal

IS copper.
6. A process accordlng to clalm 1 wherein the metal

is nickel.
7. A process according to claim 1, wherein said poly-

‘meric organic surface active compounds are completely

or partially swellable in aqueous media, said polymers
being in the form of lattices or emulsions based on sty-
rene-butadiene or acrylonitrile graft polymers or co-
polymers, polyisoprene homopolymers or copolymers,

pol

polyurethane dispersions which are anionic, neutral or

cationic or mixtures thereof.
8. A process according to claim 1, wherein said met-

allising baths further contain a reducing agent selected
from the group consisting of hydrazine hydrate, formal-
dehyde, hypophosphite and borane.

9. A process according to claim 8, wherein the reduc-
ing agent is hypophosphite and the metal 1s nickel.

yacrylates, polyvinyl chloride, polyvinyl acetate,

4,657,786
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10. A process according to claim 1, wherein said

polymeric compounds have functional groups, said

functional groups selected from the group consisting of
carbonyl groups, carboximide groups, SO; groups,
amino groups, alcohol groups, ether groups and mer-
captan groups. o |

11. A process for preparing black metallized organic

'po]ymer article surfaces con51st1ng essentially of the -

steps of

(a) coating said surfaces by dipping, printing or spray-
ing with an aqueous media containing an polymeric
organic surface active with a2 compound having a
molecular weight of at least 400, said compound
being completely or partially swellable in agqueous
media,

(b) conducting evaporation,

(c) conducting activation with metals of auxiliary
groups 1 or 8 of the periodic system of the ele-
ments, and

(d) metallizing said surfaces in a currentless fashion in
a metallization bath, said bath containing said com-

pound.. o
* %k X % %
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